Abstract. The potential of the seventh intron of the β-subunit of the fibrinogen gene (β-fibint 7) for phylogenetic analysis within the Salamandridae family was explored, comparing the topologies of trees based on this marker to those based on mitochondrial 12S rRNA gene previously published. Using primers designed specifically for amphibians, we amplified 25 sequences of β-fibint 7 corresponding to 15 species of salamandrids and one plethodontid species. There was considerable length variation among the β-fibint 7 sequences examined, ranging from 1123 bp in S. atra to 400 bp in P. waltl. Many aspects of the phylogenetic relationships estimated by the two independent loci were congruent and corroborate current taxonomic hypothesis. Although the number of taxa analysed is small, the data obtained in this work suggested that β-fibint 7 is a useful marker for assessing phylogenetic relationships within the Salamandridae family, and is probably appropriate for phylogenetic studies among closely related salamanders that have diverged over the last 20 Myr.
Introduction
Phylogenetic studies of vertebrates, traditionally based on paleontological, anatomical, behavioural, biochemical and morphological data, were significantly augmented by the advent of molecular sequence data (Meyer and Zardoya, 2003) . In past decade most molecular phylogenetic inferences of vertebrate relationships have been derived from DNA sequences of mitochondrial-encoded genes. Mitochondrial DNA (mtDNA) offers a rich source of markers with a rapid rate of mutation (Avise, 1994) , thus being especially useful for resolving relationships among recently evolved taxa. However, since mtDNA is inherited as a single linkage group the gene tree topologies provide only one independent inference of the species tree, that due to the stochastic nature of lineage sorting may not accurately reflect the species tree (Nei, 1987; Avise, 1989 Avise, , 1994 Moore, 1995) .
Independent estimates of the species tree could come from the analyses of several genes, each representing different linkage groups and so the use of various mitochondrial and nuclear genes can be used to construct a more robust species phylogeny (Pamilo and Nei, 1988) . Despite the need for independent gene trees, nuclear genes have been used much less extensively in molecular phylogenetic studies compared to mtDNA, especially in amphibians. When nuclear genes have been used in amphibians phylogenies, slow evolving exons have been applied for deeper taxonomic levels (Hoegg et al., 2004; San Mauro et al., 2004 Min et al., 2005; Van der Meijden et al., 2005) . The typically faster rate of evolution of introns makes these markers more suitable for phylogenetic analysis of recently evolved groups (Slade et al., 1994; Moore, 1997, 2003) . Several recent studies comparing phylogenies of closely related taxa based on mtDNA and intron 7 of the β-fibrinogen demonstrated that the degree of resolution and support for trees recovered from the two genes was similar Moore, 1997, 2000; Johnson and Clayton, 2000; Godinho et al., 2005) or contributed to well supported topologies when combined data were simultaneously analysed (Weibel and Moore, 2002; Creer et al., 2003; Yu and Zhang, 2005) .
In this study, we explore for the first time the potential of the seventh intron of the single copy of the β-subunit of the fibrinogen gene (β-fibint 7) for phylogenetic analysis within the Salamandridae family. We describe the nucleotide sequences in 15 species of salamandrids. We also compare the topologies of trees based on this marker to those based on mitochondrial 12S rRNA gene previously published (Titus and Larson, 1995; Zajc and Arntzen, 1999 ) to determine the level of similarity regarding the phylogenetic signal revealed by these genes.
The family Salamandridae exhibits considerable morphological and behavioural diversity, containing more than 50 recognised species included in 15 (Titus and Larson, 1995) or 18 (García-París et al., 2004; Veith and Steinfartz, 2004) genera. It is widely distributed throughout the Holartic, mainly in Europe and Asia, and also in northwest Africa and western and eastern North America. Salamandrids are traditionally subdivided into two major groups, the "true salamanders" (including the genera Chioglossa, Mertensiella and Salamandra) and the newts (includes all remaining extant genera). Phylogenetic relationships within Salamandridae have been studied using a variety of data sources, including osteological (Bolkay, 1928; Rafinski and Pecio, 1989) morphological and anatomical Wake and Özeti, 1969; Wake, 1982; Giacoma and Balleto, 1988; Sever, 1992) , biochemical (Rafinski and Arntzen, 1987) , courtship behaviour (Salthe, 1967; Halliday, 1977; Arntzen and Sparreboom, 1989 ) and molecular (Wallis and Arntzen, 1989; Caccone et al., 1994; Titus and Larson, 1995; Veith et al., 1998; Zajc and Arntzen, 1999; Steinfartz et al., 2000; Weisrock et al., 2001) . Despite this great and diverse amount of data, phylogenetic relationships within Salamandridae remain controversial. While in the case of "true salamander" the phylogenetic relationships seem to be well resolved (Veith et al., 1998; Weisrock et al., 2001) , within the European newts, the large genus Triturus has been subject of some controversy with consequences at a taxonomic level, in particular its monophyly and the support for the position of some species, such as T. alpestris and T. italicus (Zajc and Arntzen, 1999; García-París et al., 2004) . This study focused on the "true salamander" clade and some species of the Triturus genus. An estimate of relationship was derived using the β-fibint 7, and this was then compared to previous estimates of relationships, especially those based on mtDNA, to determine regions of conflict and of congruence.
Materials and methods

Taxon sampling and nomenclature
The taxonomy of the Salamandridae family has been the subject of recent controversy, and depending on the authors three or four genus are currently recognized within the "true salamanders" group and three or just one within the genus Triturus. Veith and Steinfartz (2004) suggested in opposition to traditional classification (Titus and Larson, 1995; Veith et al., 1998; Weisrock et al., 2001 ) that the salamander Mertensiella luschani is included in the genus Lyciasalamandra. According to García-París et al. (2004) the "small-bodied" newts (Triturus boscai, T. italicus, T. helveticus, and T. vulgaris) are included in the genus Lissotriton, while T. alpestris belongs to the genus Mesotriton. The large-bodied newts, T. marmoratus, T. carnifex and T. cristatus, remain in the genus Triturus. In order to avoid confusion we adopted the traditional classification.
We obtained tissue samples (tail tips or fingers either frozen or ethanol preserved) from 15 species of Salamandridae representing six genera (Salamandra, Mertensiella, Chioglossa, Salamandrina, Triturus and Pleurodeles). Sampling localities are given in Table 1 .
Primer design and DNA sequencing
Total genomic DNA was extracted using standard protocols (Sambrook, 1989) . The entire β-fibint 7 was amplified using a combination of two pairs of primers designed specifically for this study, because in most cases we were not able to amplify the gene using the primers described by Prychitko and Moore (1997) . The new primers were designed following roughly the same methodology used by Prychitko and Moore (1997) . We compared the published exons 7 and 8 sequences for chicken (Weissbach et al., 1991) and Xenopus laevis (Roberts, et al., 1995) . Following alignment, and after identifying the most highly conserved regions in both exons, the primers FIBX7 (5 -GGA GAN AAC AGN ACN ATG ACA ATN CAC-3 , a slightly modified version from FIB-BI7U developed by Prychitko and Moore, 1997), and FIBX8 (5 -ATC TNC CAT TAG GNT TGG CTG CAT GGC-3 ) were designed to amplify the whole intron and part of exons 7 and 8. New internal primers for sequencing were also designed from conserved regions in flanking exons, based on the homologous comparisons of available β-fibrinogen sequences of the species referred above and also from several Lacertidae species (Godinho et al., 2005) . These primers (BFXF: 5 -CAG YAC TTT YGA YAG AGA CAA YGA TGG-3 and BFXR: 5 -TTG TAC CAC CAK CCA CCA CCR TCT TC-3 ) were designed to anneal within exons 7 and 8, in a nested position relative to FIBX7 and FIBX8. For all specimens, a two-step amplification procedure was used. A long segment was first amplified from genomic DNA using primers FIBX7 and FIBX8. The product of this reaction was used as a template in a subsequent PCR using the primers BFXF and BFXR. Both PCR's were performed as 10 µl reactions using Taq polymerase (Ecogen) and manufacturer-recommended concentrations of primers, unincorporated nucleotides, buffer and MgCl 2 . Reactions were performed using the following conditions: initial denaturation of 94 • C for 5 min, followed by 40 cycles of denaturation at 94 • C for 40s, annealing at 50 • C (54-56 • C for the second reaction), 1 min, extension at 72 • C, 1:30 min, and a final extension of 72 • c, 7 min. Amplified fragments of the second PCR reaction were sequenced in both directions using the primers BFXF and BFXR on a 310 or 3100 Applied Biosystem DNA sequencing apparatus.
Sequence analysis
The seventh of β-fibrinogen intron sequences, including 5 and 3 flanking exon sequences, were aligned by eye. The intron was located by matching stretches of nucleotide sequences of flanking exons with published cDNA exon sequence for G. gallus (Weissabach et al., 1991) , X. laevis (Roberts et al., 1995) and several Lacertidae species exon sequences (Godinho et al., 2005) , and by locating the base pairs which make up the 5 and 3 consensus splice site (GT at the 5 end and AG at the 3 end) (Breathnach et al., 1978; Prychitko and Moore, 1997; Friesen, 2000; Senapathy et al., 2000) : The 5 and 3 flanking exon sequences were removed and only the intron sequence was used for phylogenetic analysis (GenBank accession numbers DQ823391-DQ823415).
Phylogenetic methodology
The data were imported into PAUP* 4.0b10 (Swofford, 2003) for phylogenetic analysis. For the phylogenetic analysis maximum likelihood (ML) and maximum parsimony (MP) were used. The approach outlined by Huelsenbeck and Crandall (1997) was used to test 56 alternative models of evolution, employing PAUP* 4.0b10 and Modeltest (Posada and Crandall, 1998) . Once a model of evolution was chosen, it was used to estimate a tree using ML ( fig. 1 ). Support for nodes was estimated by bootstrapping with 1000 replicates (Felsenstein, 1985) . A MP analysis was carried out (100 replicate heuristic search, TBR branch-swapping) and support for nodes estimated by bootstrapping with 1000 replicates (Felsenstein, 1985) .
The only comparable mtDNA gene region that was available for most of the taxa included in this study was 12S rRNA. Sequences were downloaded from GenBank or taken from the original articles, including those species sequenced for β-fibint 7 and their closest relatives. Aligned sequences were 304 bp long. A MP analysis was carried out (100 replicate heuristic search, TBR branch-swapping) and support for nodes estimated by bootstrapping with 1000 replicates (figure 2).
Results
Sequences, alignment and base composition
There is considerable length variation among the β-fibint 7 sequences examined, ranging from 1123 bp in S. atra to 400 bp in P. waltl. The sequence length within the "true salamanders" varies between 716-bp in C. lusitanica and 1123-bp in S. atra and within "newts" ranges between 565-bp in T. alpestris and 578-bp in T. helveticus and T. vulgaris. Salamandrina terdigitata has a sequence length of 525 bp. The aligned sequences consist of 1155 sites. The sequences have various indels, involving both single and multiple nucleotides. Lengths of indel regions inferred from aligned sequences varied from 1 to 756 bp. However, when we consider the alignment only within the true salamanders, with the exception of one especially long indel (405 bp) shared by the species of the genus Salamandra and M. lushani, most of those ranged between 1 to 18 bp. Among newts the sequences are relatively more homogenous and the lengths of indel ranged from 1 to 10. In this study, β-fibint 7 sequences presented a high percentage of A-T base composition. For the species sequenced in this study on average the sequences consisted of approximately 62% A and T, ranging from 56.6% in S. terdigi- tata and 62.9% in "true salamanders" (table 2) . However, a χ 2 test indicated that these differences were not significant (χ 2 = 68, d.f. = 75, P = 0.67).
Phylogenetic analysis
Twenty four β-fibint 7 sequences were analysed. Pleurodeles was designated as an outgroup. The model used was the GTR+I+G (fig. 1 ). ML analysis found one tree of − ln 5314. Under MP 467 characters were parsimony informative. A heuristic search recovered 6 trees of 988 steps ( fig. 1 ). For the 12S rRNA sequences under MP 57 characters were informative, and a 100 replicate heuristic search found three trees with 229 steps.
Intraspecific variation
The intraspecific variation based on uncorrected distance was detected in four out of five species that we sequenced more than one individual. In general variation was slight, ranging from 0.0014 in C. lusitanica to 0.0035 in T. m. pygmaeus, but considerable variation was detected between T. m. pygmaeus and T. m. marmoratus (up to 2.0% uncorrected); something that is not surprising as some authors consider them separate species. In S. salamandra intraspecific variation were not detected. However, this does not include heterozygous sites, and thus this variation is underestimated. This is especially true in the case of S. salamandra, since the specimen from Gerês has nine heterozygotes positions that were considered ambiguous sites and, therefore, were not included in the analysis, and for T. m. pygmaeus from Mora and M. caucasica from Abastumani that have two and one heterozygotes sites, respectively.
Discussion
Sequences, alignment and base composition
One of the major problems involving intron sequences for phylogenetic studies is the absence of a structured reading frames and the possession of an assortment of indels of varying lengths, that potentially complicate alignment, in particular when comparing extremely diverged taxonomic groups (Prychitko and Moore, 1997) . Several authors, using the β-fibint 7 for phylogenetic studies among different avian families and orders (Johnson and Clayton, 2000; Prychitko and Moore, 2003) , reported a considerable length variation of the sequences, and difficulties aligning more distantly related species. In this study, we obtained similar results. A considerable length variation in the β-fibint 7 sequences examined among different taxonomic groups of salamandrids was observed. However, only remarkable differences in size were recorded when we compare species from different genera. In fact, while between P. waltl and S. atra the length variation is 723-bp, within the genus Triturus and Salamandra the size variation is only of 13-bp and 1-bp, respectively. The exception is the genus Mertensiella (383 length variation), but these two species (M. caucasica and M. luschani) are not sister taxa. Thus, alignment of this intron among species representing the same amphibians genus its relatively easy, but difficult and with some degree of uncertainty in particular regions at deeper taxonomic levels. In fact, we amplified and successfully sequenced a species (Pseudorycea leprosa) from the Plethodontidae family to work as an outgroup in this study, but we were not able to align the sequence with the Salmandridae species. Thus, in salamanders the use of this intron for analysing phylogenetic relationships is likely to be only for shallower taxonomic levels.
The β-fibint 7 has a highly A-T rich base composition (average of 62%) for the 15 species of salamandrids sequenced in this study. This result is concordant to those obtained for different birds (Johnson and Clayton, 2000; Prychitko and Moore, 2003) snakes (Creer et al., 2003) and mammals (Yu and Zhang, 2005) . This feature of A-T rich sequences is a particularity of noncoding regions that are not under functional constraint (Prychitko and Moore, 1997) .
Phylogenetic analysis
Many aspects of the phylogenetic relationships estimated by the two independent loci are congruent, despite the slight differences in the sampling. Both indicate that the two Salamandra species are sister taxa, and that their closest relative is M. luschani. Bootstrap support levels for this relationship are high in both cases. Sister taxa to this group are M. caucasica and C. lusitanica, and although these relationships are weakly supported by 12S rRNA sequences, bootstrap support is high (100%) using only the β-fibint 7 data. This paraphyly of Mertensiella has previously been indicated in analyses of mtDNA (Titus and Larson, 1995; Veith et al., 1998; Weisrock et al., 2001; García-París et al., 2004) and here is supported for the first time by nuclear DNA sequences, reinforcing the need for taxonomic revision either using Salamandra luschani (Weisrock et al., 2001) , or erecting a new monotypic genera Lyciasalamandra (Veith and Steinfartz, 2004) .
In all cases where multiple individuals of the same species have been sampled support for monophyly of the species is high in the analysis of β-fibint 7 sequences. Estimates of relationships within Triturus are slightly at odds with previous studies. Both Rafinski and Arntzen (1987) and García-París et al. (2004) suggest that T. italicus and T. boscai are sister taxa. Based on β-fibint 7 sequences T. boscai, T. italicus, T. vulgaris and T. helveticus, all smallbodies newts, are related but relationships between them was not fully resolved. Triturus helveticus and T. vulgaris were found to be sister taxa by analyses of both β-fibint 7 sequences and 12S rRNA. Alternatively analysis of 12S rRNA sequences indicates that T. boscai and T. alpestris are sister taxa, although with low bootstrap support. Bootstrap analysis of β-fibint 7 sequences indicates T. alpestris may be related to the large bodied newts, T. cristatus, T. carnifex and T. marmoratus, although again bootstrap support levels are low and this estimate of relationships was not among the consensus of MP trees, where T. alpestris is related to small-bodied newts. The estimate of relationships of T. alpestris relative to other Triturus has also been variable in previous studies. Biochemical and behavioural analysis (Arntzen and Sparrebom, 1989 ) revealed a close relationship of this species with the large-bodied newts, while osteological analysis (Bolkay, 1928) , suggested an intermediate position of T. alpestris between the small-bodied and large-bodied newts. Recently, García-París et al. (2004) suggested that T. alpestris be placed in different genus. Both trees indicate that S. terdigitata, is more closely related to the Triturus than to the "true salamanders" clade, which is concordant with the previous analysis (Titus and Larson, 1995; García-París et al., 2004) .
Concluding remarks
Sequences of β-fibint 7 gene have been used successfully in phylogenetic studies in different vertebrates groups, such as birds (Johnson and Clayton, 2000; Prychitko and Moore, 2003) , snakes (Creer et al., 2003) , lizards (Godinho et al., 2005) and mammals (Yu and Zhang, 2005) . Although the number of taxa analysed is small, the data obtained in this work clearly suggest that β-fibint 7 is also a useful marker for assessing phylogenetic relationships within the Salamandridae family. In general, the estimates of relationship derived from these sequences corroborate current taxonomic hypotheses (e.g., Titus and Larson, 1995; García-París et al., 2004) .
Of particular interest in this study is the phylogenetic resolution for this nuclear marker in salamanders. Alignment of this intron among species representing the same Salamandridae genera was relatively easy, alignment at deeper taxonomic level was difficult. Moreover, we were not able to align one Plethodontidae species (P. leprosa) with the extant Salamandridae species. Considering the estimated time of separation between plethodontids and salamandrids about 253 Myr (San Mauro et al., 2005) , the basal splitting within Salamandridae, that probably occurred at more than 65 Myr old (Veith et al., 1998) , and the first split both within the "true salamanders" and Triturus must have taken place during the Miocene at approximately 20 Myr (Macgregor et al., 1990; Veith et al., 1998; Weisbrock et al., 2001) , we suggest that this intron could be useful in studies of groups as old as 65 Myr, but it is probably more appropriate for phylogenetic inferences among closely related salamanders that have diverged at less 20 Myr. Prychitko and Moore (2003) based on phylogenetic analysis among several avian orders suggested that β-fibint 7 is useful in assessing the relationships of groups as old as 55-90 Myr. However, to further evaluate the level of phylogenetic resolution of this marker in salamanders, future investigations should include the extant Salamandridae genera and species from other amphibian families, especially those that are more closely related than Plethodontidae (Hay et al., 1995) . Fortunately, these deeper level relationships can be assessed using nuclear exons, such as C-mos (e.g., Harris, 2003) or RAG 1 (e.g., San Mauro et al., 2005) . The use of the faster evolving β-fibint 7 is highly complementary to these, and together these nuclear markers can be used to assess a variety of phylogenetic hypotheses in amphibians.
